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(57) Abstract: A modular elongated stent having an overlap region where two modular components fit together, the overlap region 
being relatively stiff as compared to another more flexible region of the stent when the stent is in an assembled configuration, the 
stent further comprising a mimic region that has a stffiiess essentially equivalent to the stiffness of the overlap region, to provide kink 
resistance. A stent having such a niimic region or otherwise stiff region and a flexible region may have a transition region between 
the stiff and flexible regions, such as a bridging material attached to the stent also to provide kink resistance. A stent may have 
relatively stiff regions and relatively flexible regions positioned to align the flexible regions with curved regions of a body lumen 
when deployed within the body lumen. The stiffness of the stiff, flexible, and transition regions may be controlled by attaching 
material to the stent, varying the cross-sectional area of the stent components, varying the metallurgical properties thereof, and/or by 
varying the stent architecture. Methods for providing kink resistance by controlling stent stifimess are also disclosed. A stent having 
regions of different metallurgical properties is also disclosed, as are methods for creating such a stent 
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TECHNICAL FIELD 
This invention relares generally to endotammal grafts or prosfceses end, more 
specifically, to a prosthesis having regions of different stitess. 

narKOBOUND "P THE INVENTION 
A stent is an elongated device used to support an intraluminal wall. Inrhecaseof 
^.^pre^rnrobs^conduUtehlood in .he are. of -he amnesia. Such. 

hereof , M ch a covered aem hcing commonly referred to in the art as an intraluminal prosthests, 
an endolununal or endovasculai graft (EVG), or a stent-graft. 

A prosthesis may he used, for example, to treat a vascular aneurysm hy removmg 
* pressure ouaweakened par, ofanamry so as ro reduce me risk of rupture. Typically, a 

is implanted m a blood vessel a. me si* of a aenosts or aneurysm endoluminaUy ..e. 
w soiled -minimally invasive technics" in which me prosmesis, mainmiued in a radn-By 
^.csed configuration by a she* or earner, is delivered by a deployment sysrem or 
"introducer" to (he site where iris required. Tte tauuducer may e«er me body mrough me 
patienr s skm, or by a "cur down- rechnique in which the enh, blood vessel is exposed by mmor 
a^mea*. Whenmemuodueerhasbeun^mmmebodyhmrenmmepro^ 
toymen, location, The inuoducer Is maniprtated » « me proamesis m be deployed ta .me 
^ shea* or camemr in which i. la mainmined (or ^dy me surroenmng she* or 
camaer la retracred from me prosthesis), whereupon ft. prosthesis expands «o a predemnnmed 
dinmeKr at me deployment location, and me inttoducer is wimdmwn. Stent expansion may be 
effect by spring elastic!*. b*on expansion, or by me self-expansion of n thermaUy or suess- 
induced return of a memory material to a pre-conditioned expanded configuration. 

Various types of stent architectures are known in dm art, including many mat 
comprise multiple regions, euch region having a different sufloess. radiai strengd, and/or kink 

, 10 adapted » treat abdominal aortic aneurysms (AAA) comprise* rwo components: a bifurcated 
component 11 comprising a trunk section 14 with an anacheo or uuibody fixed ipsilatere. iliac eg 
(DL) 16 and a socket 18. and a second consent 20 mat con* rises the adjoining comralamral 
•niadegtCIL). When CIL 20 is connected into socket 18 as shown in Fig. 1, imerface section 19 
between the CIL and the socket is stiffer than interface section 15 between DL 16 and trunk 
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section 14. The mismatched stiffness between interfaces 15 and 19 arises in part because 
interface 19 comprises an overlap between the structure of leg 20 and the structure of socket 18, 
whereas interface 15 has no such overlapping structure. 

The resulting different properties of interfaces 15 and 19 may predispose the stent 
to unwanted in vivo behavior such as local kinking, occlusion, or bending. Because the lumen 
itself into which stent 10 is placed may vary in stiffness and/or geometry, may require the stent to 
conform to tortuous anatomy, and/or may require the stent to accommodate bending or 
longitudinal or transverse deformations, it is desirable that the stent mimic the lumen and respond 
coherency to applied deformation or loading. Thus, it is desirable to provide a stent design that 
does not have local regions of mismatched stiffness such as interfaces 15 and 19 as shown in Fig. 
1. 

The interfaces between adjacent stent regions of different stifmess may also cause 
kinking, occlusion, or bending at the interface due to the drastic change in properties from one 
region to another. Thus, it is also desirable to mmimize problems caused by abrupt stifmess 
interfaces between adjacent stent regions. 

SUMMARY OF THE INVENTION 
One aspect of the invention comprises a modular elongated stent for holding open 
a body lumen and for assembly in situ, the stent comprising at least a first component and a 
second component, the stent having an assembled configuration comprising the first component 
and the second component assembled together. The stent comprises an overlap region of the first 
component adapted to receive a portion of the second component in the assembled configuration, 
the overlap region having a first set of manipulation properties in the assembled configuration. 
One or more flexible stent regions are attached to the overlap region. Each flexible region has a 
second set of manipulation properties that differs from the first set of manipulation properties. 
The second set of manipulation properties includes greater flexibility, greater kink resistance, 
and/or less radial strength than the first set of manipulation properties. A mimic region is 
attached to the flexible region, the mimic region having a third set of manipulation properties mat 
is essentially equivalent to the first set of manipulation properties. 

The different manipulation properties may be achieved by the flexible regions and 
munic region having different metallurgical properties, such as a different annealing history, by 
each region having structural elements of differing cross-sectional areas, or by the mimic region 
having reinforcing material attached thereto. The reinforcing material may comprise an 
overlapping stent or one or more stiffening filaments. 

The modular stent may be a bifurcated modular stent in which the first component 
comprises a bifurcated component comprising a trunk section, a bifurcated section attached to the 
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trunlc section and having a first branch comprising a socket and a second branch comprising a 
fixed leg interface, and a fixed leg section depending from the fixed leg interface. In such case, 
the second component comprises a modular leg component adapted for insertion into the socket, 
the overlap region comprises the socket, the assembled configuration comprises the modular leg 
5 compcmentinsertedmmesock^^ ^ 
flexible regions comprise the trunk section and the fixed leg section. 

The mimic region may comprise a region of different stent architecture relative to 
the flexible region, such as different element heights, different numbers of elements in each hoop, 
different ratios of connected to unconnected elements, or a combination thereof. 
10 The invention also comprises a method for providing an elongated stent to hold 

open a designated portion of a body lumen having one or more curved regions. The method 
comprises first designing and fabricating the stent comprising one or more relatively stiff regrons 
and one or more relatively flexible regions positioned to align with one of the curved regions of 
the body lumen when the stent is deployed within the body lumen. The relatively flexible regions 
15 haveastiffhesslessmanmestiffoessoftherelativelystK Next, the stentts 

compressed, loaded within an introducer, and introduced into the body lumen. Finally, the stent 
is deployed from the introducer into the body lumen with each of the relatively flexible regions 
positioned in alignment with one of the curved regions of the body lumen. 

Any of the stents of this invention may comprise at least one transition region 
20 between the stiff region and the flexible region having an intermediate set of manipulation 
properties, such as a gradient of manipulation properties, between the first set of manipulation 
properties and the second set of manipulation properties. The invention also comprises such a 
transition region between two regions having different manipulation properties where* the 
transition region comprises a bridging material attached to the stent. The bridging matenal may 
25 comprise one or more filaments attached to the stent, such as wires welded to the stent. 

The invention also comprises an elongated stent for holding open a body lumen, 
the stent comprising at least a first longitudinal region having first metallurgical properties and a 
second longimdinal region having second metallurgical properties. In particular, the different 
metallurgical properties may be created by providing a differential annealed history between the 
30 regions. Thus, the first metallurgical properties may be created as the result of a first annealmg 
history and the second metallurgical properties may be created as the result of a second anneahng 
history. 

Thus the invention comprises a method for providing kink resistance in an 
elongated stent adapted to hold open a body lumen, the stent having at least one stiff region with a 
35 first set of manipulation properties and at least, one flexible region with a second set of 
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manipulation properties different than the first set of manipulation properties, the second set of 
manipulation properties including at least one of: greater flexibility, greater kink resistance, or 
less radial strength than the first set of manipulation properties. The method comprises providing 
a mimic region having a third set of manipulation properties essentially equivalent to the first set 
of manipulation properties. 

Providing the mimic region may comprise modifying the mimic region relative to 
the flexible region by modifying its local metallurgical properties, providing members having a 
larger cross-sectional area, attaching reinforcing material, and/or modifying the stent architecture. 
Modifying the metallurgical properties may comprise heat treating the mimic region, such as by 
local laser heat treating. Modifying the metallurgical properties may in the alternative comprise 
providing a different annealing history for the mimic region. Thus the invention also comprises 
providing an elongated stent for holding open a body lumen with a first longitudinal region having 
first metallurgical properties and a second longitudinal region having second metallurgical 
properties. The method comprises exposing the first longitudinal region to a first annealing 
history and exposing the second longitudinal region to a second annealing history. 

Providing the different annealing history may comprise providing a zoned 
annealing furnace having a relatively hotter region and a relatively cooler region, and annealing 
the stent by exposing the flexible region of the stent to the relatively hotter region of the furnace 
and exposing the stiff region of the stent to the relatively cooler region of the furnace. Another 
method of providing the different annealing history for the mimic region comprises mounting the 
stent during annealing on a mandrel having a relatively high thermal conductivity region and a 
relatively low thermal conductivity region or a relatively high heat sink region and a relatively 
low heat sink region. The relatively high heat sink region or relatively high thermal conductivity 
region of the mandrel is co-located with the stiff region of the stent, whereas relatively low heat 
sink region or relatively low thermal conductivity region of the mandrel is co-located with the 
flexible region of the stent. Because of the relatively different heat sink or thermal conductivity 
properties in different portions of the mandrel, the flexible region attains a higher annealing 
temperature or greater thermal input/load than the stiff region. The relatively high heat sink 
region or relatively high thermal conductivity region tends to conduct more heat away through the 
mandrel than the relatively low heat sink region or relatively low thermal conductivity region. To 
create differential heat sink regions, the mandrel may be fabricated of a greater cross-sectional 
mass in the high heat sink region than in the low heat sink region. To create differential heat 
conductivity regions, the mandrel may be fabricated, for example, of metal in the high 
conductivity region and ceramic in the low heat conductivity region. 
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The invention also comprises a method for niinimfadng kinking of an elongated 
stent during introduction of the stent through the body lumen to a deployment location and during 
deployment of the stent at the deployment location. The stent has at least one stiff re gl on wrth a 
first set of manipulation properties adjacent to at least one flexible region with a second set of 
manipulation properties different than the first set of manipulation properties. The second set of 
manipulation properties includes at least one of: greater flexibility, greater kink resistance, or less 
radial strength than the first set of manipulation properties. The method comprises first 
fabricating the stent with a transition region between the stiff region and each flexible region, the 
transition region having a third set of manipulation properties between me first set of manipulanon 
properties and the second set of manipulation properties. Next, the stent is radially compressed 
and loaded into an introducer. Finally, the introducer is navigated through a tortuous body lumen 
while the transition region minimizes kinking of the stent resulting from the difference between 
the first set of manipulation properties and the second set of manipulation properties. The method 
may farmer comprise providing the transition region with a gradient from the first set of 
manipulation properties to the second set of manipulation properties. 

BRIEF DESCP TPTTDN OF DRAWINGS 
Fig. 1 is side view of a bifurcated modular stent-graft of the prior art in an 
assembled configuration, with the graft illustrated in a transparent format to show the stent 

scaffolding underneath. 

Fig 2 is a side view of a bifcrcated modular stent according io the present 
invention in an unassembled corfignnmot, with me graft fflnarated in a transparent forma, to 

show the stent scaffolding underneath. 

Fig. 3 is a side view of a portion of a stent showing a reinforced region and a 
transition region between the reinforced region and adjacent flexible regions. 

Fig. 4 is a schematic illustration of a stiff portion of a stent receiving a laser heat 



25 

treatment. 



Fig. 5 is a schematic illustration of a stent undergoing an annealing step in a 
zoned annealing furnace, showing a graph of the temperature gradient in the furnace. 

Fig. 6A is a cross-sectional illustration of a stent mounted on an exemplary 
30 mandrel having a variable conductive mass per unit length. 

Fig 6B is a cross-sectional illustration of a stent mounted on an exemplary 
mandrel having two sections, each section differing in materials of construction and thermal 
conductivity. 

Fig. 6C is a cross-sectional illustration of a stent mounted on a mandrel and 
35 partially covered with a shielding collar. 
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Fig. 7 is a side view of a portion of a wire stent having multiple wire diameters. 

Fig. 8 is a cross section of a tortuous lumen having a stent mounted therein. 

Fig. 9 A is a plan view of an exemplary stent embodiment cut along a line parallel 
to the stent axis and flattened, showing a stent having a modified stent architecture creating a stiff 
S region and a transition region. 

Fig. 9B is a plan view of another exemplary stent embodiment cut along a line 
parallel to the stent axis and flattened, showing a stent having a modified stent architecture 
creating a stiff region and a transition region. 

Fig. 10 is a plan view of an exemplary stent embodiment where the stent has been 
10 cut along a line parallel to the stent axis and laid flat, showing a stent having a modified ratio of 
connected to unconnected apex sections to create a stiff region and a transition region. 

Fig. 11 is a side view schematic showing an exemplary stent being bent into an 

arc. 

Fig. 12 is a plan view of an exemplary diamond stent embodiment where the stent 
15 has been cut along a line parallel to the stent axis and laid flat, showing a stent having a gradient 
of box nodes between a stiff region having a lot of box nodes and a more flexible region having 
fewer box nodes. 

Fig. 13 is a longitudinal section of an exemplary braided stent having a polymer 
coating over me filaments of the stent to create a stiffened region, with a gradient number of 
20 spray coatings applied to provide a stiffness gradient between the relatively stiff and relatively 
flexible regions. 

DETAILED DESCRIPTION OF INVENTION 
The invention will next be illustrated with reference to the figures wherein similar 
numbers indicate the same elements in all figures. Such figures are intended to be illustrative 
25 rather than limiting and are included herewith to facilitate the explanation of the apparatus of the 
present invention. 

A typical stent has a number of manipulation properties, such as stiffness or 
flexibility, radial strength, and kink resistance. As used herein, "flexibility" or stiffness can be 
described in terms of the amount of force required to deform a stent into an arc. For example, 

30 referring to the schematic representation in Fig. 11, the force/ required to bend tubular stent 
2000 of a particular length into a given arc having a central angle and a given arc radius, is a 
measure of the stent flexibility. Thus, comparing two stents of equal length with different stent 
architectures, the stent requiring greater force to bend it into a given arc is relatively stiffer, 
whereas the stent requiring lesser force is relatively more flexible. 

35 a measure of the "kink resistance" of a stent is the kink angle a* or kink radius 
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. aan, „ radial —ion. A aem with more « arength «— ■ I— — - »*< 
force when compressed ton does a «e», with .ess radia. arengft. Thus, for example, a sh^e 

.., tave , fuiiv expanded diameter ana a 

memor,expandableorre E fflenaye<>rripre SS .blesrenr m ayhaveanillyexp 

, j •<■.-.. km«n The fully expanded diameter is die diameter to 
10 constrained diameter aa deployed wrfhm a toman. Tnezuuyexp 

^chtosmmwcrridexpandwitowauyconstrain,. Mtoconaraineddtamettr. fine slam 
exem a radial force Fagataato tomen, wMcb rata dfertbuted over to arrface area, of 
comae, between the stem and to .umen oar, be expmssed aa . praaaure , - FIA in force per nntt 
„ea. Thus, radia. areng* can be expressed m rerms o, radia. fore* or radial 
15 conning me radial arengm of two aams having differen, aen, archies, * outa« 
J Z surfece are,, of cmttac. (wbicb is Ore same aa having me same comae, lengm w*mto 
, ^arae^.mdMforc.iaavaadme^of^srrengm. 

SMfeM „ ton .be otor, however, men radial pressure is a more aopropna* measme of radta, 
a^.sotottosustoamaoftosmn.ianmafacmrmtocrm.par^ 
20 Ihesjecfflcato. andclnhna.se to m™ -smm amfdtonHe- and "geoto« 

conffcuraion- toongnnut As naed herehr, "aem archhecmre' refera m to various 

«--*»• Tbere am genera, camgories of arcbuecmre, snob 
a5te examp 1 e,wonnd^ambtom rc ,bra i deds tt m»mm tt e^.la S =rc,,mbes E m 

arftocmae, fflamemary aen, architechrre, polygonal ceg aen, amuheenzre, or zig-zag Sen, 
25 amhittcmre. H. various enmgones of aen, arcbhectoe ma, overlap one anotor. Formaance, 
one aen, may comprise a fflamemary, wound, polygene. ceU aen, archheenzro. wher** anotor 
^^compziaealaaercn.mbe.polygonalt.UaemarcM^re. "FUamenmr, mtoaes 
^as^con^nsexoneormom.ilan.nm^teotoaentambtomre, whereaaa .aaer 

cut tube" indictee to, to sto, comprises a tube to, bas been cut by a .aser « form to 
30 geon^ricelemen*. Ahhough tore are numerous broad calories of - 

J J» geomaric elemen, may be conaidered a firs, aen. archive wbereaa anotor regton uf 

«. same aert, having a similar geome,* e.emen, of a differen, beigb, may be cons,dered a 
35 second, differen, atem ardtocmre. Otor differences in archhecare from one regton ,0 anotor 
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may include, for example, the number of elements in each hoop or the ratio of connected to 
unconnected elements. 

One component of stent architecture is geometric configuration. The "geometric 
configuration'' refers to the geometric shape of the elements created within the stent. Thus, for 
5 instance, a stent having a filamentary, wound, polygonal cell stent architecture may have a 
geometric configuration wherein the cells are hexagonal and have a first size. Another stent 
having hexagonal cells of a second size still has the same geometric configuration as the stent 
having the hexagonal cells of the first size, but may still be said to have a different stent 
architecture. 

10 Stiffness (or flexibility), kink resistance, and radial strength are somewhat 

interrelated, in that for a given stent architecture, a design having a greater stiffness (and thus, 
lesser flexibility) generally has greater radial strength and less kink resistance as well. Although 
the three properties are interrelated, however, they are not necessarily proportionally or linearly 
related. That is, a first stent having 20% greater stiffness than a second stent may not necessarily 

15 have 20% greater radial strength or 20% less kink resistance, despite having some greater degree 
of radial strength and some lesser degree of kink resistance. Also, a particular stent architecture 
may have, as an inherent function of its design, both greater stiffness and greater kink resistance 
as compared to another stent architecture. Because these properties are somewhat interrelated to 
one another and they all relate to reaction of the stent to manipulation (bending or radially 

20 compressing), the term "manipulation property" is used herein to designate any one or more of 
these properties to facilitate discussion of mis invention. Additionally, examples of different 
regions having different manipulation properties are discussed herein primarily in terms of 
variation in flexibility or stiffness. It should be understood, however, that whereas one stent 
region with respect to another may be characterized for brevity and convenience herein with 

25 respect only to differing stiffness, that region may also have a different radial strength and/or kink 
resistance as well. 

Referring now to Fig. 2, stent 20 is a modular bifurcated stent essentially identical 
to the stent shown in Fig. 1 except for a modification according to the present invention. Stent 
20, shown in its unassembled configuration, has two modular components: bifurcated component 

30 30 and modular leg component 40. Bifurcated component 30 comprises a trunk section 32, a 
branching section 34 and a fixed leg section 38. Branching section 34 has a first branch 33 
comprising a socket 35 and a second branch 36 comprising a fixed leg interface 37, from which 
fixed leg section 38 depends. In the assembled configuration of the stent 20, similar to the 
assembled configuration of stent 10 shown in Fig. 1, mating portion 23 of modular leg component 

35 40 inserts into socket 35, creating a stiff, overlap in region 22. Although overlap region 22 is not 
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^ a JL. adfmess man fte rematoder of teg 33 ami teg 40, respective*, te prevent tootong 
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in those regions. The stiffening in regions 137 and 123 may be effected by any of the methods 

discussed herein below. 

Although discussed with respect to Figs. 1 and 2 in terms of a bifurcated modular 
stent, non-bifurcated modular stents also have overlap regions that may benefit from providing a 
mimic region elsewhere in the stent to match the manipulation properties of the overlapping 
region of the stent. Many stent embodiments have multiple regions with different manipulation 
properties, such as higher radial strength sections at the ends of a stent, that do not necessarily 
mimic other regions of the stent. Regardless of how or why such regions are created, another 
aspect of this invention addresses the discontinuity of manipulation properties that arises between 

adjacent stiff and flexible regions. 

Referring now to Fig. 3, there is shown a portion of a stent 21 having a relatively 
stiff, reinforced region 26 (or mimic region) and relatively more flexible regions 24, and further 
comprising a transition region 52 between reinforced region 26 and flexible regions 24. 
Transition regions 52 have intermediate manipulation properties, such as greater stiffness than in 
flexible regions 24 and less stiffness than in niimic region 26. Transition region 52 may comprise 
a gradually increasing stiffness (i.e., a gradient) from the flexible region 24 to the mimic region 
26 as one travels along the length of transition region. Thus, as used herein, an "intermediate" 
property of a transition section is a property between the two sections on either end of the 
transition section, with the property retaining the same value along the length of the transition 
section or gradually changing along the length of the transition section, as a gradient. 

As shown in Fig. 3, transition region 52 may comprise a bridging material, such 
as a plurality of bridging filaments 54, attached to the stent. Stent 21 as shown in Fig. 3 is a 
wound stent, such as a wire stent comprising nitinol wires. Thus, filaments 54 may typically 
comprise metal wires, such as nitinol, welded to the stent, but may comprise other filaments 
known in the art such as polymeric filaments, and may be attached by other means such as 
adhesive bonding, suturing, or other methods known in the art. The bridging filaments create a 
"force bridge" that provides a stiffness gradient between the flexible region 24 and the reinforced 
region 26, dampening the step-change in stiffness. Other means for providing a transition region 
having intermediate manipulation properties or a gradient of manipulation properties may also be 
used, however, some examples of which are discussed herein later. 

Returning now to Fig. 2, stiffened region 137 on leg 38 may thus be a transition 
region of intermediate stiffening between the relatively greater stiffening desired for fixed leg 
interface 37 to mimic overlap region 22 and the normal flexibility of the remainder of leg 38. 
Stiffened region 123 therefore essentially mimics transition region 137, as region 123 stands alone 
without any corresponding region of greater stiffness on leg 40 to transition from, as the greater 
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stiffness in overlap region 22 arises only after mating portion 23-is inserted in socket 35. 
Accordingly, region 123 may be referred to as a "transition mimic" region. 

Thus the invention encompasses any stent having a transition regxon at an 
interface between regions of differing manipulation properties, such as a transition region between 
5 a stiff region and a flexible^ 

gradient ^u^^wc^^**^™**^*™** 
as disclosed herein. Furthermore the invention includes providing kink resistance to a stent 
having regions of different manipulation properties by providing a transition region between the 

different regions. . 
10 one means of providing regions having different manipulation propemes wttan 

^ is to provide regions having different metallurgical properties. As used herein, the tenn 

metallurgical property shall have its common meaning, namely a characteristic of a meal 

Wading horn tow the metal was made and its physical and chemical characteristic, Meren. 

^ properties, as used herein, are sufficienfly different snch ma, some measnrahle 

U difference in maniputotion properties can he seen in a epical nse of me proamesis of tito present 

invention. r « - t 

As shown in Fig. 4, a stiff region 126 of stem 100 may recerve a locahzed heat 
tmatmem, such as from a heam 101 of laser device 102, ma, modifies me metollurgical propel 
to fire soft region . make i, suffer man me metollurgical properties in remaining flexible regmn 
,24. For example, a high-power laser, arch as a continuous wave YAG or COr laser, may he 
fceused on a smafi are. of me s«en, wire or scanned over the lengm of me wire (or me wrre may 
Umovedmro^hme.aser-sfhca.poi.,). A temperature between 100»C and the melting pom, <* 
to alloy, cmrtroned by varying me power of me beam and me exposure time (for example, on *e 
order of approximately 1 second), may he sufficient fo create me desired modification « 

25 metallurgical properties. 

Aaodrer memod of providing different metallurgies to different regtons ,s <o 
a^eal each region using differem amount of manual tapm, thus providing a different anneahng 
^ for each region, .n particular, where sten, 100 comprises a nitino, mm. me anneahng 
Msmry of me metal se* the marerial and shape memory properties of me stent, as is well knows,. 

Tie different annealing histories may he provided in any number of ways, toe 
exen^lary memods of which are described herein. The effect of me annealing process on me wue 
of the sten. is depends upon me produa of temperature and time, referred to herein as tire 
■dermal input". Bec.se me maudre! and « are W icall, relatively com when pu, in a no, 
am.ea.tog urmace, toe is a cermi. amount of hea,-up time during which me stout is exposed to a 
,5 gmduany increasing tomperamre until reaching an ecptiubrium temperature, and mus toe thermal 
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input typically takes the form of a time integral of temperature. The thermal input necessary to 
create the desired properties in a wire is dependent upon the material composition of the wire, the 
diameter of the wire, and the cold-working or strain history of the wire. Accordingly the precise 
temperatures and times of exposure vary depending upon the pre-annealed and desired annealed 
properties of the wire, but are known by those skilled in the art for specific wire grades 
commonly used and are readily determinable for new wire grades by experimentation. 

In one method, illustrated in Fig. 5, a zoned annealing furnace 150, such as is 
well-known in the art, is used to provide a relatively hotter region 152 and a relatively cooler 
region 154, as illustrated by the temperature/position curve shown in graph 170. Stent 100 is 
annealed on mandrel 160 by exposing flexible region 124 of the stent to relatively hotter region 
152 of furnace 150 and exposing stiff region 126 of the stent to relatively cooler region 154 of the 
furnace. Annealing stent 100 for a predetermined amount of time with such exposures thus 
provides flexible region 124 with a greater thermal input than stiff region 126. Because the 
furnace has a temperature gradient 171 between relatively hotter region 152 and relatively cooler 
region 154, stent 100 further comprises a transition region 125 having a gradient of metallurgical 
properties from flexible region 124 to rnimic region 126. For example, a 3-zone tube furnace, 
marketed by Carbolite of Sheffield, England, can supply up to three different temperature zones, 
each 200 mm long, with a maximum differential of 30°C between each pair of adjacent zones. A 
30°C temperature differential is sufficient to produce desired differences in manipulation 
properties across corresponding regions in tbe stent and gradient intermediate properties between 
the regions. Although illustrated in Fig. 5 with only 2 temperature zones and 2 corresponding 
regions of the stent, it should be understood that a stent according to the present invention may be 
made with as many different zones as can be supplied by the annealing furnace, including more 
than 3 zones. 

Referring now to Fig. 6A, another method of providing a different annealing 
history for the stiff region 126 versus the flexible region 124, is to provide a hollow mandrel 170 
that has a high heat sink region 172 and a low heat sink region 174. High heat sink region 172 
has a relatively higher thermally conductive mass per unit length than low heat sink region 174. 
For example, as shown in Fig. 6A, high heat sink region 172 may comprise a region having a 
greater cross-sectional mass than the low heat sink region 174. High heat sink region 172 of the 
mandrel 170 is co-located with stiff region 126 of stent 100 and low heat sink region 174 of 
mandrel 170 is co-located with flexible region 124 of the stent. 

During annealing, the thermal inertia provided by high heat sink region 172 as 
compared to low heat sink region 174, provides for a longer heat-up time in the high heat sink 
region that keeps stiff region 126 from experiencing as much thermal input as flexible region 124. 
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Wore, for exampie, aUboogb 00* 172 and 174 may o ra mare.y roach •>» 

of *e anneal (hrnace by the and rf ft. expire too m dte mmace, high tea, a,, regron wti, 
ra ch dm. tempore a. a stower rate, and tints the time imegra. of temperatnre is lass . to 
high hea, sin, region too in tire .„w tea, sin, region. Transition region 173 between «ba cross- 
jtiona! mass in ft. high beat sink region and Ore cross-sectiona. mass m me ,ow hear smk ragron 
may comprise a grrioal cbange in cross section m provide a thermal hrpn. gradiem and a 

to me altemadve, referring now to Fig. 6B, region 1 172 of mandre. 1170 ma, 
have a higher thermal condoctivhy (greater specific heat capacity) than region 1174. For 
exampie, region ..72 may be mem. and region 1.74 may be ceramic. In snob case the greater 
■hermn, conduct „, region .172 as compared ro region ..74 ofmandre. 170 subjects art* 
region 124 of stent 100 to a greater thermal inpn. man stiff region 126, which creams the 
difference in anneafed stiffnesa. The greats (henna! conouctivhy allows a fesKr bea,-np tmre and 
^agreaterttaeinregrdoftemperanrre. Forexampfe, sbtinfess stee. (al.o, 304 SS) baa a 
ten,* conducuvny of spproximarely .6 W/tnK (Warn per meter per degree Ke.vm>, ah— 
has a condncdvhy of approximately 147 W/mK, and tonghened zirconia cerannc baa a 
conductive of appmxnnatel, 2 W/mK. Mandrel 1170 thustmy comprise, ntix of advent 
«■* and tnerabic regions. A threaded fining or adhe^y-bonded oos. .175 may be provtded 
a, «. nnerface between dre regions, thus creating a transidon region 1173 having an urtermedtate 
.henna, condncdvhy dra. creates transition region 125 m sten. 100. In the alternative, anofcer 
^ win, an intermedia* tbennal condnctivuy cou.d be nsed in tire transition region. The 
geomedy of post 1.75 (or omission of the post abogedter) may be maniputamd as desired to tanor 
t. thermal condnctivhy in the rmnsition region bebveen that of a amp change and a gradmnt 

to yet another alternative embodiment, shown in Fig. (SC. a cote 175 of cerannc 
«H may be placer, over stiff region .26 of dte stent on an all— mandrel 177 dnnng 
annealing, shading me smn, wire in stiff region .26 from some of dre heat of dre anneabng 
fnntace^omeranneabngheatsonrcebnownmti^ar,). CoUar .75 may bave a vsriabte 
thickness to provide a transition region 125 between flexible region 124 and stiff regron 126. The 
variable thickness may be in dre form of a gradient thickness as shown in Kg. 6C, or may 
, comprise a step change in thickness. In the ahernative, differ... coflara having differed, 

thicknesses tmd/or different thermal conductivities may be used for Ate stiff region 126 and (he 
transition region .25. Rather than a ttingie coflar with variabfe thickness as shown in Fig. 6C, the 
mansmon region may in the alternative be provided usmg m».tip.e coflara having dtfferen. 
thicknesses and/or materials of construction or gradients thereof. 
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Another way for providing regions of a stent having different manipulation 
properties is to vary the cross-sectional area of the structural elements of the stent. Thus, 
referring now to Fig. 7, for a metal wire stent 200, wire 202 in flexible region 224 may have a 
smaller diameter di than wire 204 in the stiff region 226 having a diameter dz. For non-wire 
stents, such as laser-cut tubular stents, the metal left between the laser-cut slots may be thicker in 
the stiff region than m the flexible region. Where it is desired to provide a gradient in 
manipulation properties from one region to another, wire 206 in transition region 252 may be an 
intermediate thickness ds, or wires 202, 204, and 206 may together form a continuous wire 
having a diameter gradient between flexible region 224 and stiff region 226 decreasing from d4 to 
d> to ch to di. 

The embodiments described above relating to modifying the metallurgical 
properties or the cross-sectional area of the stent wire in certain regions to provide more stiffness 
are also well suited for use in reverse to provide more flexible areas. For example, referring now 
to Fig. 8, there is shown an elongated stent 60 for holding open designated portion 62 of body 
lumen 64 having curved regions 66. Designated portion 62 has a length Li. Stent 60 has an 
expanded configuration for deployment within the body lumen as shown in Fig; 8, a compressed 
configuration (not shown) for introduction and transport within the lumen prior to deployment as 
is well-known in the art, and a length equivalent to length U. Stent 60 has relatively stiff regions 
68 and relatively flexible regions 70, each of the flexible regions positioned to align with one of 
me curved regions 66 of the body lumen 64 when stent 60 is deployed. Given a standard stifmess 
for a certain stent design, relatively flexible regions 70 may be tailored by reducing the cross 
sectional area of the stent or by providing a higher annealing temperature, rather than tailoring 
relatively stiff regions 68 by increasing the cross-sectional area or providing a lower annealing 
temperature. 

Modifying stent architecture may also be used for providing regions of different 
manipulation properties within a stent to niimic another region of the stent and/or to provide kink 
resistance. For example, as shown in Figs. 9A, 9B, and 10, the stent may have a stent 
architecture comprising a recurrent pattern of geometric elements - struts 302 connected at apex 
sections 304 to form zigs 306 and zags 307, each zig comprising apex section 304i and the top 
half of connected struts 302i pointing in one direction (down, as shown in Fig. 9A) and each zag 
comprising an apex section 304a and the bottom half of connected struts 302a pointing in the 
opposite direction (up, as shown in Fig. 9A). The elements are arranged in circumferential hoops 
308 axially attached to one another. Although shown in Figs. 9A and 9B as circumferential hoops 
308 and 1308 normal to the axis of the stent, a hoop in a helical winding pattern may comprise 
one 360° helical revolution of the wire about the stent. Each zig in hoop 308f of flexible section 
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324 as show in Fig. 9A has a zig he,gh. H, F*ch hoap 308»has thtee 

regi0 „ 326 has hoop, 308s having a zig heigh, Hs ft. is to to zig height Hf and *«. « 

flLe region 324 and rift region 326 by providing zigs of an mtermethafc z.g hetgM, namely . 
5 TH 72 H„ in hoop 30SO - Hfc in hoop 308,, and hy providing an mtennedUte number 

„ Fig. 9A with ho* the heigh, and number o, zigs vazfcd tan the flezrble m me s 0f f reg-. 
— enrboditnet* ma, vaty on., a sin* variable, such a, i, shown in Hg^ 

mere only dre nnmber of zigs is varied as shown m F.g. 9B, or where only th 
,0 zig helgh. is varied (not shown), me Muded angle « between adjacent stas 302 also vanes 
Zrip^hnop. AsS howninFig.9B,where te nnmher„fzigsvarie S f I o m 4z,gs m h M p S 

21 zigs in hoops :308s, with 5 zigs in transdion hoop **. the ineltrded angle . . 
JL ang,e a. in hoops 1 308s. Thus, the hrclnded angle is .nodse— U£» 

hot also widl respee, . efcmems of odter sfcnt architaures as wen such 
J, amhitecmres. Where hod. u>e zig height and zig nutnh«r are vaned, as drown in F rg. 9A 

20 Oneor m orezig S 306 ta eachhoop30 8 n.yheconne^«>anazia,,y.d j »cen. 

« region 324 of Fig. .0, on,y one zig 306f is azian, conned . , ^ £ L 
m- o of 1-3 connected to unconnected zigs (25% connected zigs; 

. «• QTl illustrates a varied number of zigs only, and Fig. 10 illustrates the 
30 o, zigs per hoop, Ftg. 9B « ^ variant 

varied connected to unconnected ratio only, a single ^ ttrtaTia2a o 
ofanycombhmdonofmeabovevznables. » discussed herein 
* - —re, other stent archives having daman* with a different geon^dy », 
Lpriae regions of ditaen, s,e Cements, different number* of elemen* per hoop, detent 
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angles between structural members, or different ratios of connected elements, to provide similar 

) variations in manipulation properties. 

In the embodiments shown herein, the stiff and the flexible regions have the same 
general stent geometry. That is, although certain features of the architecture may be changed, 
5 such as zig height, number of zigs, or ratio of connected to unconnected zigs, the general zig-zag 
geometry is still maintained. In other stent designs, such as those described in application 
09/442,165, filed on November 16, 1999, and assigned to the common assignee of this invention, 
incorporated herein by reference, two entirely different filamentary stent geometries may be 
linked together, such as a braided stent geometry and a zig-zag stent geometry. Each geometry 

10 has respective manipulation properties, and thus the interface between regions of different 
geometry, in certain configurations, may present a distinct step change. Thus, the present 
invention of providing a transition region between a relatively stiff and a relatively flexible region 
may be incorporated into such a design, such as by attaching wires as force bridges between the 
different stent geometry regions. 

15 Another broad category of stent architecture is described in co-pending patent 

application [CIP of U.S. Serial No. 09/052,214] to Colgan et al 9 (hereinafter "the Colgan 
) Application") assigned to the assignee of the present invention, and incorporated herein by 
reference. Referring now to Fig. 12, the "diamond stent" 3000 described in the Colgan 
Application comprises a pattern of diamond-shaped elements 3002. The Colgan Application also 

20 discloses box nodes 3004 that may be placed at one or more interfaces 3006 between adjacent 
diamond elements.. The Colgan Application discloses that box nodes 3004 may be used for 
providing local stiffness in one region as compared to another, such as greater stiffness at the 
ends than in the middle. Interfaces 3006 without box nodes comprise "empty interfaces" 3007. 
The present invention of modifying the stent architecture to provide a transition region between 

25 areas of different stiffness may be applied to the invention described in the Colgan Application, as 
may the present invention of providing a stiffened region to mimic another region of a stent 
Where a localized region 3008 is strengthened with a greater ratio of box nodes 3004 to empty 
interfaces 3007 as compared to another region 3009, a transition region 3010 may contain an 
intermediate ratio of box nodes to empty interfaces or a gradient in the ratio. As is shown in Fig. 

30 12, region 3008 has a box node at every circumferential interface 3006, or a ratio of 4:0 box 
nodes to empty interfaces 3007, whereas region 3009 has only one box node per circumferential 

j revolution, or a ratio of 1:3 box nodes to empty interfaces. Transition region 3010 contains an 
intermediate ratio of box nodes 3004 to empty interfaces 3007 in the form of a gradient of 3:1 to 
2:2 box nodes to empty interfaces between from region 3008 with an infinite ratio and region 

35 3009 with a 1 :3 ratio. Region 3008 may be a mimic region that is stiffened using box nodes to 
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pro* sdftosa and/or other roanip».ad.n property to. are essetfiaHy e^en. » * 
stiffness and/or other manipulation properties of another region of to stmt 

Another technology knot» and described in to art for increaantg to hoop 
strengl b„,a stent, in particular the hoop strength of a braided stent, is described in U.S. Paen, 
5 2 968.0P. to Pit** - * (hereinafter 'to Pinchu, pafcnO end incorporated here, by 

ZiJ— 1— ■ ^po^riaappiied^estenrn.aphtr^f 
Z coatings, .herein an increase in to nntrtor o, spra, coatings increases to radnd s^* 
,„ Tto aen, The Ptoht* pa E nt ran, he app,ied to select aecdona of . sfcn, to create anflened 

ZZ (or a .esser nnnrher o, spray coats, in to » ragion, Tbe Pincbt* pate* raay 

applyi ng an intermedia* noraber of spray coanrtga to to transition regtonfcerween to flex* 
B ZIL^. Xgrndfen.^regionn^b.p^bycra^agrad^t.nntoro, 

C ° adnSS ' Thtrs forexanrpte.refcrringnowntFigaSsbo.tnga.ongHndinalsecdono, 
sttM ,30 cornprising'fnaraentt >» braided into n pmraHty of contact points 133 — - 
prises fonr ayera ofpo^ner coring 136i-iv, .bereas region » - 

IMcompr. , ™^ an intermedtate number of layers of polyraer 

20 ooadnguyers. ^ ^ ^ fc 

coating from one layer 136i to three layers w application 
^ of to stent no,* be ooared dnring apra, coaling of eacb ragron. T£ ^ 

o» cent* .301,0,, **. « > — ■ - -r ° r^eStg*. 

^ion ,33 and transition region 1SII * — . * of — I 136nt .table rag 

* 33 and transition regions ,371 and 13711 era ntasfcd. and for app.ica.ion of co^ng 
25 1M . . . . , 7 n 07; . i37iu) is masked. The end result is 

fletdble region 133 and aU of transtnon reg»n 137 (137, ,37nr) 

for stiffening braided sums or for aflbting adjacent apices of zig-rag acuta as disclosed ra to 

an hlg overiapping. touching, or neariy-roocbing filaments destred » he bonded togata 
35 l^Tgreeof^ess. Xbhongh sbo^ wirh respect n> a braided .en, bavhrg cnn^c, 
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points 133 in Fig. 13, the polymer coating is applicable to stents having only near-contact points, 
a near-contact point being defined as a point where stent filaments do not actually cross or contact 
one another, but are close enough that the polymer can bridge the distance between the filaments. 
Furthermore, as is well-known in the art, filamentary stent architectures have some degree of 

5 interstitial space defined by the filaments. The interstitial space may be in the form of discrete 
closed cells bounded on all sides by filamentary structure, or a continuous open space connected 
by the gaps between near-contact points. The polymer coating method of the present invention, 
as described in the Pinchuk patent, does not substantially occlude the interstitial space. That is, a 
majority of the interstitial space still remains after the coating process, even if the coating process 

10 may segment a formerly continuous open space into discrete cells by closing gaps between near- 
contact points. 

While the present invention has been described with respect to specific 
embodiments thereof, it is not limited thereto. Therefore, the claims that follow are intended to 
be construed to encompass not only the specific embodiments described but also all modifications 
15 and variants thereof which embody the essential teaching thereof. 
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What is claimed: 

1 A modular elongated stem for holding open a body lumen and for 
assembly in * the stent comprising at least a first component and a second component the stent 
baving an assembled configuration comprising the first component and the second component 
4 assembled together, the stent comprising: 

an overlap legion in the tat component adapted to recetve a portron of the 
secooa component m fte assembled configuration, dre overlap region having a firs, set of 
nanipuladon properties in the assembled configuration; 



one or more flexible region at«hed m me overlap region, each flexible regton 
, having a second set of manipulation properties different than me firs. 
, proves, dte second set of manipulation properties including at l~ one of. grea.r MM* 

a mimic region anachedm me flexible regton, dte mimic regton havmg a durd 
13 o, manipulation properties that is essendally eouivalen, .. me firs, set of manipuiadon 

" 2 ^^ntofctahnlwhereinmeflexibleregionhasfirstma^gial 

\ properties sard me mimic region bus second mescal properties ma, are different 

1 „, a firs, amrealing hismrv and ft. seem* memlmrgical p^perfies are caused by a aaconrf 
3 armeafing history, ^^^^^crn^s^ 

3 a cross-sectional area larger than in the flexible region. 



1 5. 

; ^^ofc^Sw^reinmereinforcmgma.rialcomprtseaoneor 

2 more stiffening filaments. 

2 modular stent wherein: 



'•The stent of claim 1 wherein the modular stent comprises a bifurcated 



fte firs, component comprises a bifurcated componen, comprising a «* sec»on, 
a bimma K d secdon adached ro fte mm* section and having a firs, branch comprismg a socket 
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and a second branch comprising a fixed leg interface, and a fixed leg section depending from the 

6 fixed leg interface, and 

7 the second component comprises a modular leg component having a mating 

8 portion adapted for mating with the socket, 

9 wherein the overlap region comprises the socket, the assembled configuration 

10 comprises the mating portion of the modular leg component inserted in the socket, the mimic 

1 1 region comprises the fixed leg interface, and the flexible regions comprise the trunk section and 

12 the fixed leg section. 

1 9. The stent of claim 8 further comprising a transition region between the 

2 fixed leg and the fixed leg interface and a transition mimic region in the modular leg component 

3 adjacent the mating portion, the transition region comprising an intermediate set of manipulation 

4 properties between the second set of manipulation properties and the third set of manipulation 
properties and the transition mimic region comprising a fourth set of manipulation properties 

6 essentially equivalent to the intermediate set of manipulation properties. 

! io. The stent of claim 1 further comprising a transition region between the 

2 flexible region and the mimic region, the transition region comprising an intermediate set of 

3 manipulation properties between the second set of manipulation properties and the third set of 

4 manipulation properties. 

1 1 1 . The stent of claim 9 wherein the transition region comprises a gradient of 

2 manipulation properties from the second set of manipulation properties to the third set of 

3 manipulation properties. 

1 12. The stent of claim 1 wherein the overlap region has a first stifmess, the 

2 flexible region has a second stiffness less than the first stiffness, and the mimic region has a third 

3 stiffness essentially equivalent to the first stiffness, the stent further comprising a transition region 

4 between the flexible region and the mimic region, the transition region comprising an intermediate 

5 stiffness greater than the second stifmess and less than the third stifmess. 

1 13. The stent of claim 12 wherein the transition region comprises a stiffness 

2 gradient from the second stiffness to the third stifmess. 

1 14. The stent of claim 1 1 wherein the transition region comprises a bridging 

2 material attached to the stent between the mimic region and the flexible region. 

1 15 . The stent of claim 14 wherein the bridging material comprises one or 

2 more wires attached to the stent. 

! i6. The stent of claim 1 1 wherein the mimic region has different 

2 metallurgical properties than the flexible region and the transition region comprises a gradient of 

3 metallurgical properties from the flexible region to the mimic region. 
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17. The stent of claim 1 wherein the mimic region comprises a region of 

different stent architecture relative to the flexible region. 

U The stent of claim 17 whereto the stent architectnre of the flextble regton 
comprise* a geometry having a recurrent panem of geometric Cemen* in an arrangement o, 
Crcumrerendal heps axially atachen to one another, one or more elements of each hoop 
comprising connected elements that are combed • an axial., adiaccn. hoop, any elements no. 
connected . an axfclly adjacent hoop heing unconneced element each element havtng an 
Cement heigh, and an included angle, each hoop comprising a nnmher o, Cements and ^ 
connect* elements to unconnected element, me mhnto region and me flexfato regmn ddfenn, 
_t architecture hy one of: me element befcht, me number of elemems in each hoop, 

19 The stent of claim 18 farmer comprising a trensmon region between me 
flexfale region and the mimic region, fae transfao. region comprising a gradient from the second 

re8i on comprises one of: an interred* Cement heigh, an intermediate nnmher of Cementt 
, ^hoop. anin.rmedi.^mcfadedang.e, an inmrmed^mtio of connect ronnconne„ed 

^.-^-^^^^^^^^regfon 
, comprise geometry having a recunen, panent of diamond-shaped Cements in an arrangement 

, differing in s*n, arebhecture b, me redo o, oox nodes to emp* interfaces m each r^ 

21 TtesrentofclaimMfartecon^ristagammtttonregtonberereenme 

flexible region and' me mtosic region, me transmon region comprising a gradient flom ^ond 

5 redosofboxnodesmenmtytomrfaces,oraconfainaflonfaereof. 

22 A method for providing an Congtned stent to bold open a designated 

Igm and me sL baving an expanded configuration for dep,oymen. widnn me bo* tome, • 

s Z lengm in fae expanded configured™ e^ivCen, to me .engfa of the destgnated pomon, me 
6 method comprising: 
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7 a) designing and fabricating the stent comprising one or more relatively stiff 

8 regions having a first stiffness and one or more relatively flexible regions having a second 

9 stiffness less than the first stiffness, each of the relatively flexible regions positioned to align with 
10 one of the curved regions of the body lumen when the stent is deployed within the body lumen; 

U b) compressing the stent, loading it within an introducer, and introducing the 

12 stent into the body lumen, and 

13 C ) deploying the stent from the introducer into the body lumen and 

14 positioning each of the relatively flexible regions in alignment with one of the curved regions of 

15 the body lumen. 

1 23 . The method of claim 22 wherein fabricating the stent in step (a) comprises 

2 providing the relatively stiff region with first metallurgical properties and providing the relatively 

3 flexible region with second metallurgical properties different than the first metallurgical 

4 properties. 

1 24. The method of claim 22 wherein fabricating the stent in step (a) comprises 

2 providing the relatively stiff region with a plurality of structural elements having a first cross- 

3 sectional area and providing the relatively flexible region with a plurality of structural elements 

4 having a second cross-sectional area smaller than the first cross-sectional area. 

5 . 25. The method of claim 22 wherein fabricating the stent in step (a) further 

2 comprises providing one or more transition regions, each transition region positioned at an 

3 interface between each relatively stiff region and an adjacent relatively flexible region, each 

4 transition region comprising an intermediate stiffness less than the first stiffness and greater than 

5 the second stiffness. 

! 26. ThememodofcIaim25wheremstep(a)furmerconjprisesprovidmgme 



2 transition region with a stiffness gradient from the first stiffness to the second stiffness. 

1 27. The method of claim 26 wherein step (a) further comprises attaching 

2 bridging material to the stent between the relatively stiff region and the relatively flexible region 

3 to provide the transition region. 

1 28. The method of claim 27 wherein step (a) further comprises welding one 

2 or more wires between me relatively stiff region and the relatively flexible region as bridging 

3 material. 

29. The method of claim 26 wherein step (a) further comprises providing the 



1 



2 flexible region with different metallurgical properties than the relatively stiff region and step (a) 

3 further comprises providing the transition region with a gradient of metallurgical properties from 

4 the relatively flexible region to the relatively stiff region. 
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30 The method of claim 25 wherein step (a) comprises providing ihe 
relatively stiff region with a plurality of stmctnral elements having a first cross-secrional area, 
providing the relatively flexible region win, a plntalhy of structural element having a second 
cross-sectional area smaller man the ft* cross-sectiona! area, and providing the transition regton 
wim strocmral elements having a third cross-secrional area intermediate fc firs, cross-sectional 
6 area and Ihe second cross-secrional area. 

, 31 Ihemefhod of claim 26 wherein step (a) farther comprises formmg a 

plurality of sm.co.tal elemen* in the relatively sriff region, a plurality of structural elcmenls in 
me redely flexible region, and a plurality of shucmra. elements in the trensirion region with a 
continuous wire having a diameter gradient mom a relatively large diameter in the sriff regton to a 

relatively small diameter in the flexible region. 

32. An elongated stent for holding open a body lumen, the stent comprising: 
at least one stiff region having a first set of manipulation properties; 
at least one flexible region having a second set of manipulation properties 
different than the first set of manipulation properties, the second set of manipulation properties 
including at least one of : greater flexibility, greater « resistance, or less radial strengm man d,e 

6 first set of manipulation properties; and 

at least one transition region between die sriff region and the flexrble regton 

totaganmmnnediatesetofmanipularionp 

properties and me second se, of manipulation properties, the transition region compnsing a 

10 bridging material attached to the stent. 

, ^ " 33 the stent of claim 32 wherein the transition region compnses a gradient 

2 betweenmefirstsetofmampu^^^ 

! 34. The stent of claim 33 wherein the bridging material comprises one or 

2 more filaments attached to the stent. 

1 3 5 . The stent of claim 34 wherein the attached tilaments compnse wires 

2 welded to the stent. 

, 36 An elongated stent for holding open a body lumen, the stent compnsutg 

2 a , leas, a firs, longiutdtoa, region having firs, metallurgical properties and a second lougttudmal 

3 region having second metallurgical properties. 

j ° 37 The stent of claim 36 wherein the first metauurgical properties are 

2 caused by a first annealing history and the second metallurgical properties are caused by a second 

3 annealing history. 
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1 38. The stent of claim 36 further comprising a transition region between the 

2 first longitudinal region and the second longitudinal region, the transition region having third 

3 metallurgical properties. 

1 39. The stent of claim 36 further comprising a transition region between the 

2 first longitudinal region and the second longitudinal region, the transition region having a gradient 

3 of metallurgical properties between the first metallurgical properties and the second metallurgical 

4 properties. 

1 40. A method for providing kink resistance in an elongated stent adapted to 

2 hold open a body lumen, the stent having at least one stiff region with a first set of manipulation 

3 properties and at least one flexible region with a second set of manipulation properties different 

4 than the first set of manipulation properties, the second set of manipulation properties including at 
least one of: greater flexibility, greater kink resistance, or less radial strength than the first set of 

6 manipulation properties, the method comprising: 

7 providing a mimic region having a third set of manipulation properties essentially 

8 equivalent to me first set of manipulation properties. 

1 41 . The method of claim 40 wherein providing the mimic region comprises 

2 moditying the mimic region relative to the flexible region by one of: modifying the metallurgical 

3 properties, providing members having a larger cross-sectional area, attaching reinforcing 

4 material, modifying the stent architecture, applying a polymer coating, or a combination thereof. 
, 42. The method of claim 41 wherein modifying the metallurgical properties 
2 comprises heat treating the mimic region. 

1 43. The method of claim 42 wherein the heat treating step comprises local 

2 laser heat treating. 

! 44. The method of claim 41 wherein modifying the metallurgical properties 

2 comprises providing a different annealing history for the rnimic region. 

! 45. The method of claim 44 wherein providing the different annealing history 

2 for me rnimic region comprises: 

3 a) providing a zoned annealing furnace having a relatively hotter region with 

4 a first temperature and a relatively cooler region with a second temperature less than the first 

5 region; and 

6 b) annealing the stent by exposing the flexible region of the stent to the 

7 relatively hotter region and exposing the stiff region of the stent to the relatively cooler region. 
46. The n*ra<>d of claim 44 whereto 



1 



2 for the mimic region comprises: 
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„ momning the sw* on a mandml during annealarg. me tnandrel having . 
4 relative,, high tea, d* region and a relative,, .ow hen, an* region, the relative,, high heaun* 
, region of me mandre, Coeated wid, the stiffregion of me a*, the rcfctive,, ,ow hea. an* 
6 regkm of the mandrel co-loctfei with ttrefletdble region of the stem; and 

b, providing with the mlatively high hea, sh* region a longer heawptune 
, for the stiff region man the r=.»nve,y low hen, sin. region provide* for me fletdWe region during 

, anneating, .fl.l.«.^««^»I~^^~ fc "*TV 
47 The method of claim 46 further comprising fabricating the mandrel such 

2 m a, me relative,, high hea, sh* region has greamr cross-sectional mass man me reUtively low 

3 hearsing ^^^^^^^^^.anneslingmamry 

2 for the mimic region comprises: ...... 

a) monnting me stent on a mandrel during annealing, me mandrel havmg a 

beat-up tin* for the stiff region man me relative^ m ft-* — ** region provider t for 

„ tinmmestiffregion. ^^^^^^^^ me mandrel such 

2 the M high manna, conduct region comprises a mem. and me reiative,, low 

3 thermal conductivity region comprises a ceramic. 

, 50 Then^ofcl»m 1 44whe re mprovidmgmedmeren,anr B am,glns»ry 

2 for the nrimic region comprises: AertT ,„i 

a) monnting me amnion a mandrel having a lelanve* htgh thermal 

b) covering the stiff region wim a collar of a relatively low thermal 
from me hea, aonrce so ma, dm ffertible region e^riences a greamr merma, inpm man me 



3 

4 conductivity; 
5 



8 

9 stiff region. 

51 



31 . ^ememcrfofclaimSO^^ 
2 that the mandrel comprises a metal and the collar comprises a ceramic. 
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1 52. The method of claim 41 wherein attaching reinforcing material comprises 

2 attaching one or more stiffening filaments. 

1 53. The method of claim 41 wherein attaching reinforcing material comprises 

2 attaching an overlapping stent. 

1 54. A method for minimizing kinking of an elongated stent during 

2 introduction of the stent through the body lumen to a deployment location and during deployment 

3 of the stent at the deployment location, the stent having at least one stiff region with a first set of 

4 manipulation properties adjacent to at least one flexible region with a second set of manipulation 

5 properties different than the first set of manipulation properties, the second set of manipulation 

6 properties including at least one of: greater flexibility, greater kink resistance, or less radial 

7 strength than the first set of manipulation properties, the method comprising: 

8 a) fabricating the stent with a transition region between the stiff region and 

9 each flexible region, the transition region having a third set of manipulation properties between 

10 the first set of manipulation properties and the second set of manipulation properties; 

! j b) radially compressing the stent and loading the stent into an introducer; 

12 and 

13 . C ) navigating the introducer through a tortuous body lumen while the 

14 transition region nunimizes kinking of the stent resulting from the difference between the first set 

15 of manipulation properties and the second set of manipulation properties. 
55. The method of claim 54 wherein step (a) further comprises providing the 

transition region with a gradient from the first set of manipulation properties to the second set of 

3 manipulation properties. 

1 56. The method of claim 55 wherein step (a) further comprises providing the 

2 transition region with the gradient by attaching bridging filaments between the stiff region and the 

3 flexible region. 

1 57. The method of claim 55 wherein step (a) further comprises providing the 

2 flexible region with first metallurgical properties and providing the stiff region with second 

3 metallurgical properties, wherein the step of providing the transition region with a gradient 

4 comprises providing the transition region with a gradient of metallurgical properties from the stiff 

5 region to the flexible region. 

! 58. The method of claim 55 wherein step (a) further comprises providing the 

2 stent with a stent architecture comprising a recurrent pattern of geometric elements in an 

3 arrangement of circumferential hoops axially attached to one another, one or more elements of 

4 each hoop comprising connected elements that are connected to an axially adjacent hoop, any 

5 elements not connected to an axially adjacent hoop being unconnected elements, each hoop 
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comprising a number of elements and a ratio of coasted .o unconnecfed dements, lha shff 
rcgioo and to flexible region diffariag to stent architecre by oae oft to number of demetos » 
each hoop, to ratio of connected to at*otu*eted elematos. or a combination thereof, whereat 
providing to transition region wHh a gradient to manipulation properties comprises providrng a 
gradient between to sdff region and to flexible region to one of: to -umber of dements . eaeb 
hoop, to ratio of aonnaatad to uneonnectad elements, or a combinatton thereof. 

59 The method of data 54 whereto step (a) further comprises provtdtng to 
stent with a stent architecture comprising a geometry having a recurrent pattern of diamond- 
shaped elemen* in an arrangement of circumferendd hoops axtofly anached to one anotor, each 
al.mond.sl.aped daman, having an interface with a. .east one otor diamond-shaped dement, at 
.east one interface comprising , box node, interfaces wtthou, a box node comprising an empty 
interface, each deflnd* region of to m* having a rado of box nodes to empty interfaces, to 
„** region and to flexible region differing to stent architecture by to rado of box nodes to 
emp* interfaces to each region, whereto providing to transMon region comprises provtdmg an 
iutennediate stent architecotre mm. to flexible region and to mimic region compnamg an 
intermediate ratto of box nodes to empty Interfaces. 

60 TtanTetbodofc^wheretaatepMtato^ 

^dpmad on properties by providing a gradient to to rado of box nodes «o empty tnrertoes 

4 across to transidon region. 

61 A method for providing an dongated stent for holdmg open a body 

fengitudW region havtog second se, of metdtorgicd propertiea. to method compn^ gjsm, 
« to firs, targitudtod region ..'ft.—* - ** 

5 region to a second annealing history. ■ „ oW „ al 

62 11l^-d*B»«^*«l^ i ••« ,1 ■"* ,, ' 
1 fengtordtod region tofctmediate to M longitudtod region a^ to secrmd longlmdmd regton, 
, 4. third longtatdtod regioo having a drird, rtansidond se. o, MM propert.es 

4 intermediate to first sd of metdhrrgfed properdas and to second se. of me.uurg.cd property 

5 to medtod comprising aapostog to drird longitudina, region . a dnrd annealing htstoty. 

63 The metoodm claim ol whereto exposing to first .ongttodmd regton ma 

2 firs, anting rusmr, and exposing to second tongitudtod region to a second annedtog history 

3 conrpmaa: ^ provitog a zme d armealing fta^ havtog a fest zone wi* a first 
5 rcmperature and a second aona wldl a second temperature; and 
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6 b) annealing the stent by exposing the first longitudinal region of the stent to 

7 the first zone of the furnace while exposing the second longitudinal region of the stent to the 

8 second zone of the furnace. 

1 64. The method of claim 63 further comprising creating a third longitudinal 

2 region of the stent intermediate the first longitudinal region and the second longitudinal region, 

3 the third longitodinal region having a third set of manipulation properties, the method comprising 

4 providing a transition region between the first zone and the second zone, the transition region 

5 comprising a range of temperatures between the first temperature and the second temperature, and 

6 annealing the stent by exposing the third longitudinal region to a third annealing history by 

7 exposing the third longitudinal region to the 1hird zone of the furnace. 

1 65. The method of claim 61 wherein exposing the first longitudinal region to a 

2 first annealing history and exposing the second longitudinal region to a second annealing history 

3 comprises: 

4 a) providing a mandrel having a first region adapted to provide a first heat- 

5 up time and a second region adapted to provide a second heat-up time when the mandrel is 

6 initially placed in an annealing furnace; 

7 b) mounting the stent on the mandrel such that the first longitudinal region of 

8 the stent is aligned with the first region of the mandrel and the second longitodinal region of the 

9 stent is aligned with the second region of the mandrel; and 

10 C ) annealing the stent such that the first longitudinal region experiences a 

1 1 different thermal input than the second longitudinal region. 

1 66. The method of claim 65 further comprising creating a third longitudinal 

2 region of the stent intermediate the first longitudinal region and the second longitudinal region, 

3 the third longitudinal region having a third set of manipulation properties, the method comprising 

4 providing a transition region on the mandrel between the first region and the second region, the 

5 transition region adapted to provide a third heat-up time intermediate the first heat-up time and the 

6 second heat-up time, and annealing the stent so that the third longitudinal region experiences an 

7 intermediate thermal input between the thermal input experienced by the first longitudinal region 

8 and the thermal input experienced by the second longitudinal region. 

1 67. The method of claim 66 comprising providing the third region if the 

2 mandrel with a gradient heat-up time between the first heat-up time and the second heat-up time, 

3 and creating the third longitudinal region with a stiffness gradient in manipulation properties 

4 between the first set of manipulation properties and the second set of manipulation properties. 

1 68. The method of claim 65 wherein providing the mandrel having a first 

2 region and a second region comprises providing the first region having a different property than 
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3 ft. second region, ure differen, proper* comprising one of: thermal conducrivtty, -hemtal mas, 

4 per unit length, or a combination thereof. 

j 69 The method of claim 66 wherein providing the transition region on the 

2 mandrel between the first region and me second region comprises providing the transition region 

3 with a proper* intermediate variations in that property between the first and second reg.ons of the 

4 mandrel, the property comprising one of: thermal conductivity, thermal mass per unit length, or a 

5 combination thereof. . 

, 70 TT B n^odofclahn67c<nnpriAgpmvid»^ m et ra m.nonregionofme 

1 mandrel who gradient heat-np on* between me first M mne and me second heat-op time 
, comprise* providing the ttanaitat region wim a pioperiy having a gradient in that property 

4 benveen the firs, and second regions of me mandrel, me property comprising one oft thermal 

5 condncriviV.memn.lmasspernni.lengm.oracornkteationmereof. 

. 71 The method of data 61 wherein exposing the firs, longimdmal regron <o a 

2 firs, annealing hiaory and exposing me second longimdin, region to a second annealing history 

3 comprises: . 
t ,) mounnng the stent on a mandrel having a relatively high thermal 

5 conducfivUy; ^ ^ g fc l0 „^ Kgion „f fte smn. wim a shielding coBar o, 

7 a relattvelylowmennalconducnvi*mattrial;and VM „, h ,fi«, 
c) annealing me aten, using a herd source such ma. me collar smeldste firs, 
.ongimdinal region tan me hea, sonrce so ma. the second longimdmal region experience a 



9 

10 higher thermal input man me first longitudinal region. 



, 72 Th=memodofclaio71wheremfteahieldingeollaroveru>efirs, 

2 longtodinal region has a firs, mickness, me memod former comprising creating a third 

memod comprising eovering use dnrd longimdmal region of me stem wim a — « 
. conning one of: (i, a second «*_ teas man me firs, micloress, (B) an mtemreAate «-* 
, conduct materia! having a drernu. conducuvHy intermedia me manure, materta, and dte 

~M 1 me firs, longimdina, secdon, («i, or a combmarion .hereof, whetetn d* uanstuon 
, co„ar , one of. a separate co,lar from me shading coBar or a secdon of me shreUmg coBa, - 
„ annealing me stem such ma, dte virion collar shields dte third longiurdina. mgton from I. hea, 
„ ^rcematesserdegreemannrefiratlongimdhmlregionisahieldeo, allowing dre dnrd 
a .ongimdinal region „ experience an intermediate .henna, input bomteeo me .henna. mpu, 
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13 experienced by the first longitudinal region and the thermal input experienced by the second 

C_j 14 longitudinal region. 

1 73. The method of claim 72 comprising providing the transition collar with a 

2 thickness gradient, and creating the third longitudinal region with a stiffness gradient in 

3 manipulation properties between the first set of manipulation properties and the second set of 

4 manipulation properties. 

1 74. The stent of claim 1 wherein the stent comprises one or more filaments 

2 formed in a pattern comprising one or more contact points or near-contact points and one or more 

3 interstitial spaces bounded by Ihe filaments, and the mimic region comprises a polymer coating on 

4 the filaments in the rnimic region that does not substantially occlude the interstitial spaces. 

1 75 . The stent of claim 74 wherein the overlap region has a first stiffness, the 

2 flexible region has a second stiffness less than the first stiffness, and the mimic region has a third 

3 stiffness essentially equivalent to the first stiffness, the stent further comprising a transition region 

4 between the flexible region and the mimic region, the transition region comprising an intermediate 

5 stiffness greater than the second stiffness and less than the third stiffness, the polymer coating on 

6 the filaments in the inimic region having a first mickness and the filaments in the transition region 

7 having a polymer coating of a second, lesser thickness. 

1 76. The stent of claim 75 wherein the polymer coating in the transition region 

2 comprises a thickness gradient that provides a stiffness gradient from the second stiffness to Hie 

3 third stiffness. 

1 77. The method of claim 22 wherein step (a) comprises fabricating the stent 

2 from one or more filaments formed in a pattern comprising one or more contact points or near- 

3 contact points and one or more interstitial spaces bounded by the filaments, and coating the 

4 filaments in the relatively stiff region with a polymer that does not substantially occlude the 

5 interstitial spaces. 

, 78. The method of claim 77 wherein fabricating the stent in step (a) further 

2 comprises providing one or more transition regions, each transition region positioned at an 

3 interface between each relatively stiff region and an adjacent relatively flexible region, each 

4 transition region comprising an intermediate stiffness less than the first stiffness and greater than 

5 the second stiffness, the polymer coating on the filaments in the relatively stiff region having a 

6 first thickness and the filaments in the transition region having a polymer coating of a second, . 

7 lesser thickness. 

1 79. The method of claim 78 wherein fabricating the stent in step (a) further 

2 comprises providing the polymer coating in the transition region with a thickness gradient that 

3 provides a stiffness gradient from the second stiffness to the third stiffness. 
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80 The method of claim 54 whereto step (a) comprises fabricating me stem 
O i fromooeormorefttameo^ormeotoapaoerecompristoBoneor^reconmctpota^orrtear- 

4 fltomems to me soft regton wito a firs, thtctass o, a polymer witooo, srtostanuallv oecmdmg toe 

5 totersdtial spaces, and coating toe moments in toe tuition region with a second, iesser totcfcness 

6 of the polymer. m 

method of claim 80 wherein step (a) further compnses prov,ding the 



81. The i 

poWmer coamtg in toe transition region with a miclmess gradient that provides a gmdten. m 
mentation properties from the seccmd set of manipniaoon properties to toe third se. of 
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4 manipulation properties 
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